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" ABSTRACT: .Test sections were placed during construction in
1959 of the asphalt concrete pavement on Contracts 57-3TC27,
the Newcastle job and 57-3TC2l, the Colfax job. The primary
purpose of the project was to study the relation between
various kinds of compaction and density and permeability for
different mix designs. On completion of these studies during
construction, it was decided to also study the service per-
formance of the binder in the different sections.

The Newcastle project was paved with an 85-100
grade paving asphalt from a single source. The various test
sections were as follows. Two of the sections were controls
and contained a standard Type A paving mixture. The other
sections were a Type A mix with 2.3% cement added as a filler
dust, a Type A mix with 2.0% limestone and a Type A mix where
the attempt was made to remove all of the -200 material.

This was known as the "No Dust Section'.

The Colfax project was paved with an 85-100 grade
paving asphalt from a single source. On this project two
test sections were placed with a Type A paving mixture. One
section contained 4.5% asphalt, the other 5.5% asphalt.

At various service life periods, deflection measure-
ments, pavement performance and properties of recovered asphalt
have been determined. The cracking pattern on the Newcastle
job has all been transverse or longitudinal and no fatigue
cracking was found up to 104 months service life. Virtually
no cracking has occurred on the Colfax job. Average deflection
results on both jobs have been uniformly low. No relation
was found on the Newcastle job between the amount of cracking
in any one section and the recovered properties of the asphalt.
However, the hardening of the asphalt was found to be related
to the original void content and the rate of decrease in void
content during service life.

KEY WORDS: Pavements, asphaltic concrete, fillers, test sections,
cement, limestone filler, pavement deflections, pavement
performance, cracking, mix design, compaction, density.
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-INTRODUCTION

During the 1957-58 and 59 construction seasons
extensive compaction studies were performed on a series of
asphalt concrete paving jobs. Two of these contracts were
57-3TC21, Road 03-Pla-37-B and 57-3TC27, Road 03-Pla-17,37-B,
Aub. Contract 57-3TC21 is also known as the Colfax job and
57-3TC27 is known as the Newcastle job.

Although the primary purpose of the project was to
study the relation between various forms of compaction and
permeability for different mix designs, it was also decided
to study the performance of the binder in the different
sections during service life. Previous studies relative to
these two contracts are reported in references 1 through 5.

The purpose of this final report is to present the
evaluation of the pavement together with change in binder
properties during a service life of nine years.
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CONCLUSTONS

The asphalt content was found to be the most important
factor in the reduction of permeability of asphalt concrete by
construction compaction.

The amount of cracking in the Newcastle test sections
could not be related to the deflections or properties of the
recovered asphalt. The cracking on this job was transverse
and longitudinal, and no evidence of fatigue type cracking was
found up to 104 months of service life. It appears that the
cracking is mainly of the reflection type from the underlying
cement treated base.

The percentage of voids immediately after construction
and the rate of change of void content during the initial
period of service life are very important factors in the
control of the weathering rate of the binder.
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Asphalt Concrete,

DESCRIPTION OF TEST SECTIONS

The pavement section for Contract 57-3TC27,
(Newcastle job) was composed of 0.25' Type A, 3/4" Max.

The test sections for this contract

were each approximately seven hundred feet long and were
composed of the following:

Section
No.

Asphalt
Grade &
Source

Asphalt
Content

Description

85-100 Grade
Douglas 0il
Santa Maria

.
n
1

"
"
n

"
1"
"

"
1
1"

5,2

5.2

5.7

4.5

4.5

Standard Type A Paving
Mixture - Contract Rolling =
Control Section = Sta.220+
00-226+70, WB Lanes.

Standard Type ‘A Paving
Mixture - Special Rolling -
Sta.241425-249+00,WB Lanes.

"No Dust" Paving Mixture -
Special Rolling -
Sta,234+00-2414+25,WB Lanes.

Standard Type A +2.37% Cement
Paving Mixture -

~ Special Rolling -
Sta.226+70-234+00,WB Lanes.

Standard Type A +2,0% Lime-
stone Paving Mixture -
Special Rolling =~
Sta.242+00-249+00,EB Lanes.
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' "The pavemént section for Contract 57-3TC21,
(Colfax job) was composed of 0,25' Type A, 3/4" Max.
Asphalt Concrete. The test sections for this contract
were composed of the following:

) .Asphalt R )
Section | Grade & Asphalt
No., Source _ Content | Descrippion
: 85-100 Grade Standard Type A
1 Union 0il Co. 4.5 Paving Mixture,
Oleum
' " Standard Type A
2 : 5.5 Paving Mixture.

FIELD AND LABORATORY TESTING
PROGRAM

Periodical pavement condition and deflection
surveys have been performed on both contracts. Cores
have also been removed at intervals for studies on the
changes in pavement and binder properties. Tests on the
cores have included stability, cohesion, extraction,
gravity, and air permeability tests.

Various tests were performed on the recovered
asphalt from the entire core, These included penetration,
softening point and ductility tests.and viscosity and
microductility tests, Also certain cores were sliced,
and viscosities determined for hardeming at various depths.
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TEST RESULTS

Pavement deflection results were not obtained in
1967 for the Colfax job becatuse previous runs have consistently
been very low, and the present pavement continues to be in
excellent condition in terms of cracking.

The summary of cracking on the Newcastle Test Sections
is shown on Table A for observations performed 12, 24, 48 and
104 months after construction. Table B presents the average
deflection readings for various periods of service life,

Table C shows previous average deflections for the Colfax

job. Appendix A contains tables showing all test results
performed on cores obtained in January 1967 at the conclusion
of service life studies. Previous core results are found in
Reference 6. Tables D and E show the average properties of

the recovered asphalt for wvarious service periods on the

two jobs. Tables ¥, G, H, and I present the average properties
of the pavement cores for various service periods on the two
jobs.

DISCUSSTION

The cracking pattern of all five test sections on
the Newcastle job has been similar during service life.
The typical cracking pattern for all sections is shown in
Fig. 1. Fatigue cracking has not been a problem on this
job, and the initial transverse cracking may be assigned to
reflection cracking from the cement treated base. As shown
in Table A the first longitudinal cracking occurred during
the 24-48 month period and continued to increase thereafter.
The increase in total cracking, (transverse and longitudinal)
during service life for the Newcastle test sections is shown
in Fig. 2. There is a definite difference in the amount of
cracking, Sections C and E, the "No Dust" and 2.0% Limestone’
Sections being much lower than the Standard Paving Mixture
used in Sections A and B. The rate of increase in total
cracking is very interesting. There is a rapid increase
in transverse cracking up to 12 months and virtually no
increase up to 24 months. This is all transverse cracking
since no longitudinal cracking was observed during the first
24 months of service life. One may conclude, based on the
very low deflection results during this period, that the
transverse cracking was of the reflection type and gradually
came to virtually a halt during the 12-24 month period.
However, thereafter, in the 24-48 month period the transverse
cracking again increased at a rapid rate as shown in Fig., 3,
This increase coupled with the start of longitudinal cracking

increased the rate of total cracking to a high figure. Again

in the 48-104 month periods the total cracking although
increasing definitely slowed in comparison to the previous
period.

-5
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All but one of the test sections were placed in the
WB travel lane -and ‘adjacent to each other. The exception was
the Limestone ‘Section E which was located in the EB travel
lane. Also the standard Type A Section A and B which have
very nearly the same amount of cracking were at opposite ends
of the test area and were separated by Sections C and D. This
leads to the assumption that the type of mix may have been an
important factor in the difference in total cracking beginning
after 24 months of service. A comparison of the total cracking
in the various sections with mix and recovered asphalt properties
at 24 and 104 months of service life is shown below.

- IotaL_ Ave, Ave.
Section | Type of Age Cracking Defl. Ave, Shear
No-.. Mix Mo Ft/100Ft | 0.001" | Pen. | Index

¢ . | "No Dust" 23 48 9 28 0.09

g 04 | 140 T0 I 027

E Type A +2% | 23 © 43 7 20 | 0.22

, Limestone LO4 143 10 19 0.29

D Type A + 23 52 11 19 0.31

‘ 2.3% Cement [ 104 VL) 5 16 .37

A Type A 23 47 10 32 0.19

. .Control 104 - 330 16 29 0.20

B Type A 23 54 | 11 29 | 0.15

. Control T0% 353 TT 30 0.19

There is no relation between the amount of cracking
and either the deflection or recovered asphalt properties. There
is a poss1b111ty of explaining the rapid increase im cracking by
an increase in shear index, but this did not prove to be the
case, since the asphalt in Section D has a high shear index,
but less cracking than Sections A and B which have definitely

lower shear susceptibilities. It is concluded that the continued

cracking after 24 months was mainly caused by reflection cracking
from the cement treated base.

The Newcastle and Colfax jobs have also provided
further evidence on the void-asphalt weathering relationship.
This relation for the two jobs is shown in Table J. A study
of these results indicatesthat the amount of voids shortly
after compaction, together with the rate of change in voids
during service life are primary factors in retention of
penetration. The asphalt content is a very important factor
not only during compaction, but also in the void reduction rate

-6
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during service life. 1In any case the importance of attaining
the lowest possible void content shortly after construction
is shown by the remarkable retention of penetration in the
5.5% test section on the Colfax job. Although this section
has not shown evidence of instability there was some bleeding
during the first three years of service life., Therefore, we
would not recommend mixes having such marked reduction in
void content. The importance of careful control on the void
content during design and construction, and the development
of a method of predicting void content changes during service
life appear to be important factors in slowing down the rate
of weathering of the binder.

Hardening with depth curves on both jobs are shown
in Figs. 4 and 5. 1t is very interesting to note that normal
hardening with depth curves are found in the high asphalt
sections on both jobs. The differences between the two
normal curves and the abnormal bottom hardening in the other
sections are definitely significant in that all the test
sections were placed under the same conditions and checks
on the cores shortly after construction indicated equivalent
viscosity from top to bottom. The differences in hardening
with depth on the Newcastle test section is not related to
the amount of cracking. .Sections C and E having the lowest
amount of cracking exhibit opposite trends in hardening with
depth. We presently believe that a reversal of the normal
pattern of hardening is most significant in the case of
fatigue cracking where the pavement has the greatest strain
at the bottom. This form of cracking was not found on '
either the Newcastle or Colfax jobs, On the basis of these
observations the conclusion is reached that reflection or
temperature induced cracking is nat influenced by the
weathering profile of the binder within the pavement.
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TABLE C

Average Deflection Readings in 0.001"
With 15,000 pounds Axle Load
Contract 57-3TC21

Road 03-Pla-37~B (Colfax Job)

Ave. Deflection E.B.
Age Travel Lane,;4,5 & 5.5%

Date Mo. Asphalt Sections

’ IWT OWT
H=28=58 5.5 . 5 A
10-30-58 10.5 3 3
3-8-60 26.5 6 4
1""3"‘67. . 108 - =
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'Figure i

CRACKING PATTERN FOR SECTION A

CONT. 57-3T7C27, ROAD 03-PLA-17,37-B,AUB.
NEWCASTLE JOB

THE PATTERN IS TYPICAL FOR
THE OTHER FOUR TEST SECTIONS
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Figure 2

INCREASE IN TOTAL CRACKING OF TRAVEL
AND PASSING LANES DURING SERVICE LIFE

CONT. 57-3TC27 ROAD 03-Pla-17, 37-8, AUB.
NEWCASTLE JOB

350
' /SECT. B
; .7 #SECT. A
© /
2 300 .
x ' ol
S //
X - . '
PS g / L
=5 2% - SECT. D
E. -J m ‘/_ /n .
) = . ‘ 4 //
jom I T : ’ P
E=Z 4 -
23 ¢ - P
T & : . 4
o & : : _ P
=k o ‘ 7 7 /o~
R / [/
el =2 : : / _
TE .. =
(p . |_ /_—'
< = / A T T
x A .-t
-
q‘_._-
=
o
Nl .
. 5'0_
. he
- "'
B ’I
0

0 20 40 60 80 100 120
' AGE - MONTHS

CliIBPDE - wivw fastio.com


http://www.fastio.com/

ClibhPDF -

"Figure 3

INCREASE IN TRANSVERSE CRACKING DURING
SERVICE LIFE |

CONT. 57-3TC27
NEWCASTLE JOB

ROAD 03-Pla-17, 37-8B, AUB.
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Figure 4

‘ASPHALT CONCRETE HARDENING WITH DEPTH

CONT. 57-3TC27, ROAD 03 -PLA-17,37-B,AUB
NEWCASTLE JOB
AGE =104 MONTHS
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Figure 5

ASPHALT CONCRETE HARDENING WITH DEPTH
CONT. 67-3TC2!, ROAD 03 -PLA -37-B
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VISCOSITY, MEGAPOISES AT 77°F, S.R. 5x1072
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APPENDIX .

Test Results for Cores Removed in
January 1967 After 104 Months of
Service Life From the Newcastle .Job
and 108 Months From the Colfax Job.
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Providing and maintaining a skid resistant
surface on concrete pavements is discussed.
Studies of the effect of grooving the pavement
to reduce wet weather accidents were conducted.
The objective of the studies was to determine
the efficiency of serrations in raising the
skid resistance, to determine resistance of a
grooved pavement to wear and polish of traffic,
and to determine the extent of reduction in wet
weather accidents by serration of the pavement.
Results show that pavement grooving parallel to
the centerline will reduce the wet weather
aceident rate in low friction value areas of
PCC pavements. Friction value is raised
folldwing grooving. Wear and polish of grooved
areas appear to depend on characteristics of
the pavement.

Pavements, pavement skidding characteristics,
pavement surfaces, grooving, accidents,

accident rates, wear, polishing.
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INTRODUCTION

Providing and maintaining a skid resistant surface
is of primary importance to the proper performance of any
highway. All types of pavement surface will eventually
show some reduction in coefficient of friction wvalues
during their service life. This reduction is caused by
wear and polish of traffic, especially by heavy trucks.

Sevéral years ago California Division of Highways
accident analysis showed that some sections of concrete
freeways, especiglly on curves, were having an unusual
number of accidents océurring during wet or rainy |
weather, After considering the use of acid treatment of
the surface or the application of a coal tar-epoxy
screening seal coat or some other thin organic overlay,
it was decided to study the effect of grooﬁing the
pavement. The objectives of the program are as follows:
1. To determine the efficiency of serration in raising
the skid resistance.

2. To determine the resistance of a grooved pavement to
wear and polish of traffic.
3. To determine the extent of reduction in wet weather

accidents in critical areas by serration of the pavement.

MEASUREMENT OF SKID RESISTANCE

The California Skid Tester used in determining the

coefficient of friction of pavement surfaces has been

“l-
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| prev1ously descflbed1 | The presently used test method

is shown in the attached appendix. The tester has been
calibrated with the towed trailer equipment constructed
by ?rofesSor R. A. Moyer of the University of California,
Institute of TransportationZ, Previous studies by
Professor Moyer and bﬁhers indicated that the skid
resistance valiie for any given surface approaches a low
figure when the brakes are locked on a vehicle having
smooth tread tires arnd traveling at speeds of fifty
miies ner hour on a wet pavement. Therefore, in the
correlation pfogram, the coefficient of friction values
obtained from Moyer's'uﬁit using locked wheels, smooth
tires, wet pavement and a sneed of fifty miles per hour
were compared to our reaqings,obtained under identical
operating conditions.

We are presently using a value of £=0.25 as the
minimum requirement for indicating the need for remedial
éceion, and a minimum of £=0.30 for new PCC pavement.

An active program is underway to study the adequacy of
these values, especially the figure for remedial action.
mhe program involves the use of recommended minimum
frlctlon values from other sources, and an accident
frequency correlatlon w1th skid re31stance of the
pavement surfacem

| C. G. G11es3 on fhe Basis of a comprehensive acci-
dent analy31s in England has provided a set of suggested

values of Skld re51stance for use With the British Portable

i
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Tester. A comprehensive correlation program was per-
formed by us in order to obtain the relation between the
California Tester and the British Portable Tester.

On the basis of the correlation, a comparison of
the recommended British values with the tentative
California minimum figure is shown in Figure 1. Also
shown is the Virginia minimﬁm figure which was attained
by using the correlation chart of D. C. Mahone® which
provides an approximate correlation between the British
Portable Tester and the Virginia test car at 40 mph.

Preliminary studies in California on a wet weather
accident frequency correlation with skid resistance indi-
cates that most single car accidents occurred on curves,
the average value for the friction factor being £=0.22.
However, twenty-eight percent of the accidents that
occurred on curves were on pavements of f=0.25-0.28 range.
The maximum value attained in this study was £=0.28.

On the basis of these results, it is concluded that
the present f=0.25 remedial action value is a minimum
figure, and it appears that the value may be too low for
curves of rather short radius. A better value may be
£=0,28 which is the same as the British minimum for all

sites. Further studies are underway.

PATTERN STUDIES

Grooves may be cut in the pavement in either a

longitudinal (parallel to the centerline), transverse or

-3-


http://www.fastio.com/

ClibPD

Pskéﬁédfdifectidn,' All grooving (except for a few short

experimental sections) to date on State Highways has been
performed in a longitudinal direction. We are of the
opinion that this leads to increased lateral stability,
and tends to guide the vehicle through a critical curve
area. This has been confirmed by studies performed in
Teg§s5o However, studies in England"6 indicate that
grdbving perpendicular to the centerline is better in
this connection - further effort will be required to
resolve the problem. .

X Groove patterns véry, ‘The most common type is
rectangular in -form and may be varied in width and depth
and:distance between centers of grcocoves. Other types
have rectangular form, but the bottom is partially rounded,
and the edges at the pavement surface are also rounded.
Others have a large V cut separated by smaller V cuts.
Figurelz shows two types of patterns.

A number of patterns have been used in our serration
work to date. This was done in order to determine the
incfease in the friction factor, wear resistance, and
poséible vehicle handling problem. In all cases the

grdbves are all in a longitudinal direction. Figure 3

' shows the patterns used on the various projects, and

Table A the increase in the friction value after grooving
and the change during service life. Figure 4 shows the
effect of grooving on the average coefficient of friction

value for the variocus PCC pavement projects.

by
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In all cases the friction value is raised by pavement

grooving. However, it appears that the nature of the

_existing concrete surface and the type of pattern effect
. | the degree of improvement in the friction value. As an
example there is a much greater.impfovement in the friction
value for project H_thén on projects F and G for a
1)8" x 1/8" on 1" centers ﬁith.a'reCtangular groove. This
is also confirmed by the results from'pﬁojects J and K
where two different patterns are compared on two different
projects.

The type of pattern on anyrspecific project effects
the degree of improvement., On project'K three different
Christensen patterns (Table A) were placed in consecutive
one hundred foot test sections in the travel lane. The
original coefficient of friction values were identical,
but two of the patterns produced a very high degree of
improvement as compared to the third pattern.

Project I in District 07 is an aged asphalt concrete
pavement., The surface was rather dry in appearance and
quite brittle. Therefore, it was decided to groove this
pavement using 1/4" x 1/4" grooves on 1" centers. Shortly
after completion- several complaints were received from
drivers of motorcycles and light cars. :Thé eémplaints
were that the vehicle tended to "track" and- appeared to
be caught in a manner resembling being caught in streetcar
tracks. This Waé_confirmed by Highway Patrolmen. On

the other hand, Christensen Style 15 with ¥ cuts 1/&"

-5
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: Wiéé"bn the Placerita Canyon Bridge provided no problems
wiﬁh test motorcjclés driven up to 70 mph, ~There was
soﬁé vibration up to 50 mph with Style 9, but this tended
toffade‘out at higher speeds. Style 9, see Table A
préjéct'J, has 3/16"‘wide rectangular grooves with rounded
bottom and edges, These studies indicate that rectangular.
loﬁgitudinal grooves should not be wider than 1/8" in order
tofprevent possible problems from motorcycles and light
paésengerKCars. However, V cuts do not appéar to cause
préblems although 1/4" wide at the surface.

C A very important characteristic of any treatment for
raising the existing friction value is its resistance to
wear and polish of traffiec. Results of variations of
friction measurements with time on various grooved projects
aré‘shown‘in Table A and Figure 5. Not sufficient time has
elépsed on the majority of the projects to draw any firm
coﬁclusionsu It appears, however, that the nature of
aggregate and mortar strength may influence the resistance
to ‘wear and polish of the grooved areas. However, it is
intéresting to note that projects A and B cover the travel
lénes of heavily travelled freeways having a high per-~
ceﬁtage of trucks. All the projects éhown in Figure 5
are in'Spow‘free areas, Project H in Table A is in a
paftial snow région where chains may be required. After

'thé“first winter the surface does not appear to be
daﬁaged by chain action. ' This project will be closely’

watched since project M in Table B has shown considerable

-6-
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'spalling between the grooves which are on one inch centers.
This spalling has been caused by chain action and has re-
"sulted in some complaints in regards to controllability

i
f‘~ . of a car even under dry pavement conditions.

. : ’ ACCIDENT STUDIES

A summary of all of the presently available accident
data are shown in Tables B; C and D. 8Six of these
locations were on urban freeways in the vicinity of
Los Angeles. Accident data was also reviewed for com-
périson purposes on a mile of unserrated asphalt concrete
freeway, seée Table D, The Los Angeles projects had one
year before and after accident analysis periods. An
additional project M on Interstate 80 near the Nevada
state line had a two year period for before and after
accident analysis. This freeway is rural and required

Q_ longer periods to obtain meaningful'data, In the case of
| the Los Angeles area freeways, the number of wet or rainy
"days was determined in both the before and after accident
periods. There were 30 wet days in the before period and
A approximately 15 wet days in the after period. Fifteen
additional wet days were accumulated ffom the following
year and the accidents on these days were added to the
after period.
A study of Table B indicates that the total acci-
dents were reduced 78 percent; of this, wet pavement

accldents were almost completely eliminated (96 percent)

-7-
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and dry‘pavement acc1dents dropped 32 percent.

-The reduction in dry weather accidents, if conflrmed
by further observation, appears to be significant. There
is no reason to doubt that the dry friection value of
these pavements was sufficiently high. 1In our opinion
the decrease in dry weather'accidents may be the result
of  the ability of the grooves to "track" or aid as a
guide for a vehicle nearing an out of control condition
in the curve area. Such loss of confrol would most
cohmonly be caused by entering the curve at excessive
speed and then rapid deceleration within the curve area.
Such action could cause loss of control. The longitudinal
grboves by acting as "tracks' could resist lateral move-
ments and add stability to the vehicle. 1In the case of
the wet pavement condition we may, therefbre, assume that
1dhgiﬁudina1 grooving in curve areas not only increases
thé friction factor, but also acts as a stabilizer against
lateral instability. 1t probably also serves as a guick
surface drain to minimize any water buildup on the pavement.

Table C shows the exposure in million vehicle miles,
aécident rates, and other information. Both wet and dry
pavement accident rates were calculated relative to the
nﬁmber of wet or dry days. These rates could not be
calculated at the Interstate 80 location, project M,
since the number of wet days was not available.

All of the accident rates on wet days were much

higher than the average state highway rates at both

-8~
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wrban and rural locations. Since the number of wet days
is relatively minor in southern California, the resulting
exposure is small, When this is divided into the overall

large number of accidents occurring on wet pavement, the

‘result is an unusually high rate. All locations (excepting

one) had higher than average total accident rates in the
before grooving period. The concrete surfaced urban free-

ways all had below average 1.61) rates in the after

' period. The two rural locations (both concrete surfaced)

still had higher than average total accident rates 1.00)

‘despite sizable drops in rates after pavement serration.

For comparison purposes the accident rate on a one

mile stretch of asphaltic concrete pavement just south of

' the serrated project N was compared with the unserrated

control section., The results are shown in Table D and

www . fastio.com

cleafly indicate the excellent reduction in wet weather
accidents following grooving. 1In the same pe}idd the
éontrol section had a gain in wet weather accidents.

It is proposed to continue this accident analysis,
and periodical skid resistance surveys to determine
possible increase in accidents as the friction values

change during service life.

COST _QOF GROOVING

On seven jobs in District 07 the cost of grooving
was in the range of seven to nine cents per square foot.

In some other Districts the cost is somewhat higher. The

~Gn
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best eétiﬁate is approximately ten cents per square foot.
' SUMMARY

In summary it appears that pavement grooving performed
in;a direction parallel to the centerline will definitely
reduce the wet weather aécident rate in low friction value
aréas of PCC pavements. Excellent reduction of wet weather
accidents occurred after grooving of an old asphalt concrete
paﬁement, However; this pavement was very hard and brittle,
and we do not recommend grooving of normal asphalt concrete
pa&ement, since kneéding by traffic may rapidly close the
gréoves. It seems preferable to apply a screening seal
coét, slurry seal coat or dense or open graded blanket.

The friction value is raised following grooving. The

rate of change in friction value by wear and polish of the

- grooved-area appears to depend on the characteristics of

the original concrete pavement, since two pavements with
heavy truck traffic showed little_change in friction values
after a number of years of service. On the other hand some
pa%ements show quite rapid drops after only seventeen
months of traffic. Further tests are required.

Motprcycle and 1ight car tests clearly indicate
that 1/4" x 1/4" grooves will create problems in vehicle

conitrol., .It is recommended that cuts no greater than

:1/8" x 1/8" be used if vertical grooves are cut in the

paﬁement, However, 1/8" deep x 1/4" wide V grooves do

not appear to create any problems. Further studies are

-10-
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required before any speéific épécing may be recommended.
However,. since approximately equal ac¢ident reductions
were noted for 1/2" and 3/4" spacing, it is recommended
that 1/8" x 1/8" on 3/4" centers be used. It is highly
desirable that further areas be grooved with a series
of patterns as was done on the Ventura project in order
to determine effectiveness in raising the original
coefficient of friction, and resistance to wear and

polish under equivalent concrete and traffic conditions.

-11-
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Figﬁre 2

?hotographs of Several Patterns Used on Various Projects
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Figure 3

| GROOVING PATTERNS USED ON VARIOUS PROJECTS
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Fig'uf'e 4

EFFECT OF GROOVING PAT TERN ON
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Figure 5

CHANGE IN FRICTION VALUES FOLLOWING

GROOVING OF PCC PAVEMENTS
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APPENDIX

State of California
Department of Public Works
Division of Highways

MATERIALS AND RESEARCH DEPARTMENT

Test Method No. Calif. 342-C
October 3, 1966

METHOD OF TEST FOR PAVEMENT SURFACE SKID RESISTANCE

Scope

This method deseribes the apparatus and procedure
for obtainine surface skid resistance values of Bitu-
minous and Portland Cementt Conerete pavements.

Procedure
A. Apparatus

1. Skid test unit.

a. Reference is made to Figures I through III
in connection with the following deseription of the
construction of the test unit. A 4.80/4.00 % 8, 2.ply
tire with (250 =2 nsi) air pressure (A}, mianufac-
tured with a smooth surface, together with rim, axle
and driving pulley is mounted on a earriage (B). The
tire is brought to desired speed by motor (H). The
carriage moves on two parallel guides {C), and the
friction is reduced.to a low uniform value by allowing
three roller bearings fitted at 120° points to bear
agaipst the guide rod at each corner of the carriage.
The bearing assembly may be noted on Figure III
(D). The two guide reds (C) are rigidly connected
to the end frame bars (E). The front end of this guide
bar frame assembly is firmly fastened to a restraining
anchor. The bumper hiteh provides for swinging the
skid tester to the right or left after positioning the
vehiele. The rear end of the frame assembly is raised
by a speeial adjustable device (F'), Figure II, so as
to hold the tire Li-ineh off the surfaee to be tested.
This device is so constructed that the tire may be
dropped instantaneously to the test surface by trip-
ping the release. arm (G) TFigure IT. Tachometer (K)
indicates the speed of the tire.

2. Hitch for fastemng unit to vehiele.
3. Speecial level to defermine grade of pavement.
a. A 287 long standard metal carpenter’s level,
Fig. TV, is fitted at one end with a movable gauge
rod which is calibrated in %, of grade.

B. Materials

1. Glycerine. - -

2. Water.

3. 2-inch paint brush.

4. Thickness gauge 1/-ineh ( a piece of 1,4-111ch ply-
wood 2'x 1”7 is satl‘sfaetorv)

C. Test Procedure

1. Determine and record grade with special level,
see Fig, IV.

a. Place level on pavement parallel to direction
of travel with adjustable end down grade.

. Loosen locking secrew and raise level until
bubble centers and then tighten locking serew on
Shdmg bar.

The grade is indicated on the cahbrated
sliding bar

2. Remove apperatus from wvehicle and attach to
bumper hitch, Fig, V.

3. Position apparatus with tire over selected test
area and parallél to direction of traific.

4. Raise tire and adjust to 14-inch (Y44” tolerance)
above surface to be tested with deviee (I).

5. Wet full circumference of tire and pavement
surface under tire and 16" ahead of tire center with
glycerine, using a paint brush.

6. Set sliding gauge indieator (I’) against carriage
end,

7. Depress starting switeh (J) and bring the speed
to approximately 55 mi/hr.

8. Release starting switeh.

9. The instant the tachometer shows 50 mi/hr trip
arm (@) dropping tire to pavement.

10. Read gauge (N) and record.

11. Release rebound shock absorber.

12. Move to next section and repeat.

13. In any one test location, test at 25’ intervals in
a longitudinal direction over a 100’ seetion of pave-
ment.,

D. Precautions

1. The rear support rod (0), Fig. II, must be
cleaned by washing frequently with water and a de-
tergent to prevent sticking.

2. 8liding gauge indicator (P) must be kept clean
so that it will slide very freely.

3. On slick pavements glycerine remaining on the
pavement should be flushed off with water to prevent
possible traffic aceidents.

E. Field Construction Testing of Portland Cement
Concrete Pavement :

The following procedure shall be followed in the
field testing of a portland cement concrete pavernent
for speciﬁcation compliance of the minimum friction
value., A minimum of seven days after paung %hall
lapse before testing.

1, Visually survey the total length of pavement
for uniformity of surface texture, Note all areas which
do not have definite striations or which appear smooth.
Conduct this survey with the Resident Engineer or an
Assistant who has knowledge of any difficulties in at-
talning a proper surface texture during construetion.
The attached photograph, Figure VIII, may be used
as an aid in the evaluation of the existing texture in
relation to the ecefficient of friction, but is not to be
used in lien of actual coefficient of friction measure-
ments.

2. The determination of test locations, as outlined
below, shall apply only to that portion of the pave-
ment which has well formed striations. ALl areas thet
appear smooth, or those that have been ground shall
be excluded. (See E-3 for procedure to follow for
smooth pavements).

a. Select a minimum of three test locations for
each day’s pour and check a minimum of three pour
days per contract.
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Determine the location of test sites in a random
manner through use of a Random Number table. The
nse of this method requires that the area for test be
uniformly textured and placed in one operation. As
an example, a' 4-lane pavement may be placed with a
three lane width in one operation and the fourth lane
placed separately. Each of these areas must be treated
separately in selecting test locations. The following
example illustrates the use of this table.

A section of pavement is 24’ wide and 4000/ long
and is part of a 4-lane freeway. This section of pave-
ment has been placed in oue operation and skid tests
are required, From 2-a, it is required that three test
locations be determined.

Using the random numbers, as shown. ehoo‘;e the
three ]ocatlom in the following manner:

Random Numbers
La ngttudmal Lateral

0.6 ‘B

0.9 9

0.2 2

0.7 7

0.5 B

01 11

0.4 4

0.8 g

0.3 ] .

Starting at any peint and proceeding up, or down,
but not skipping any numbers, read three pairs of
numbers and set up each location as follows:

Distance fromRight
Distance from Stert FEdgeof Pour Looking

of Pour wp Station
Loeation A . ____ 0.6 X 4,000’ = 2,400" 6x2=12
Location B _.____ 0.9 X 4,000’ = 3,600’ Ix2=1%
Lecation C ___=. . 0.2 X 1000’ = 800 IxX2= ¥

In case any location as determined above falls in a
smooth or ground area which does not appear repre-
sentative of the general surface texture, then choose
the next number in the random table and select a
new location.

At each test location obtain the first reading at

the specified random location (using the method de-
seribed under. C-Test Procedure). Obtain the next
four readings at 25’ intervals beyond the first read-

_ing. Obtain all readings at sites parallel to the center-

line of the lane. After correction for grade as shown

www fastio.com

in B, average the five readings. Record this average
as the frietionm value for the specific test location.

3. In-all areas that present a smooth textured ap-
pearance or have been ground, the following shall
apply:

a. Check a minimum of three ground area
locations and all smooth appearing surfaces on each
contraet.

b, If the area is less than 100’ in length per-
form at least three individual tests in separate spots,
correet for grade and average the results.

¢. If the area is greater than 100’ in length,
select sufficient test locations to insure that the area
is above the minimmm requirement. If the average
value of all locations is below the required minimum
then performn additional tesis untll the area is loeal-
ized for remedial action.

F. Calculations.

1. Make grade corrections using charts shown in
Figures VI and VII.

2. Average the 5 eorrected readings in any one test
location. Example—The following readings were taken
at 25’ intervals in a test location. The grade of the
pavement, determined as deseribed in C-I1, was +4%.

Aeasured Correcied

Coefficient Coefficient
Siation of Friction of Friction®
1400 o033 0.38
1425 0.39
14-50 0.39
1475 0.38
2400 0.38
Final Average for Test Site._._______________ 0.38

* Corrected coefficlents of frietion were taken from chart in Figure VI

G. Reporting of Results

For all results determined under E-2, veport the
result for each station loeation and the average of
5 readings and the grand average. For all results
determined under E-3, part (b}, report the result for
each station loeation and the average. For E-3, part
(e), report the result for each station location and
the average for each set of five determinations.

REFERENCE
A California Method

End of Text on Calif. 342-C
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DIAGRAM OF SKID TESTER
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FIGURE IV
LEVEL FOR DETERMINING GRADE

v A FIGURE V
APPARATUS IN POSITION FOR TESTING
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FIGURE VINi
PHOTOS OF SURFACE TEXTURES
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Test Method Ne. Calif, 342-C

Qctober 3, 1984

FIGURE 1X

APPARATUS BEING PLACED IN VEHICLE
-NOTE CABLE AND WINCH FOR MOVING SKID TESTER

FIGURE X
APPARATUS IN POSITION FOR TRANSPORTATION
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